27
were shortened by 28 ± 2 h, and the content of 20E was up-regulated significantly after 72 h of 28 high temperature treatment, while the transcription levels of 20E response genes E93, Br-C, USP, The results indicate that high temperature treatment resulted in smaller body size of larvae and 98 transparent epidermis ( Fig 1A) , the characteristics and behavior of mature silkworm larvae were 99 observed either. In addition, the larvae maturity time was advanced 28±2 h in average and mostly 100 were concentrated around 144 h to 168 h ( Fig 1C) , indicating that high temperature treatment 101 shortens the developmental duration of larvae. Furthermore, the vitality and pupation rate in high 102 temperature group was reduced by 0.85 and 0.76-fold of the control group, respectively ( Fig 1B   103 and D), indicating that high temperature treatment reduced the vitality of the silkworm.
105
The effect of HT stress on endogenous hormone and its metabolism-related genes expression
The content of JH in hemolymph was reduced by 0.63-fold at 72 h after high temperature 108 treatment (Fig 2A) , and the mRNA levels of the JH metabolism genes Met, JH3 and Kr-h1 were 109 down-regulated by 0.75, 0.77, and 0.54-fold, respectively ( Fig 2C) . In addition, the content of 20E 110 was increased by 1.86-fold after 72 h treatment, and the expression of 20E response genes USP,
111
Br-C, E75 and E93 was up-regulated by 1.76, 1.35, 2.94 and 1.79-fold, respectively ( Fig 2D) .
112
These results indicated that high temperature treatment changed the level of endogenous hormone 113 in hemolymph. up-regulated by 2.15 and 1.31-fold, respectively (Fig 4) . The transcriptional levels of cyp314a1 134 and cyp315a1 were non-significantly changed after treatment (Fig 4) . These results indicated that
135
BmCncC plays an important role in regulation of cyp302a1 and cyp306a1 genes. The high temperature environment caused by climate warming resulted in the deterioration of 140 the ecological environment and affects the growth and development of animals and plants [20] .
141
The elevate in temperature can increase the annual generations of insects in the growing season,
142
affecting the growth and development of insects [21] . Studies have shown that high temperature 143 stress can reduce the vitality, body weight, and cocoon shell rate of B. mori, and promote the 144 expression of stress-related genes and CSP (chemosensory protein) genes [10] . In this study, the 145 larva epidermis became transparent and showed the characteristics of mature larva after high 146 temperature induction (Fig 1A) , the survival and pupation rate of silkworm were significantly 147 decreased ( Fig 1D) , which was in consistent with previous studies [10] . BmCncC/keap1 pathway 148 plays an important role in response to oxidative stress and regulation of antioxidative and 149 detoxification genes expression [22] . Whether this pathway involved in metamorphosis processes 150 and regulates ecdysone-synthesis P450 genes in silkworm have not been reported. We found that 151 the duration of 5 th instar larva was shortened and the maturity time was advanced and relatively 152 concentrated after high temperature induction ( Fig 1C) , indicating that the high temperature 153
promoting the development of silkworm. We also investigated the relationship between the 20E 154 synthesis-related P450 genes and BmCncC/keap1 pathway by alternating the endogenous 155 hormone levels under high temperature induction.
156
The steroid hormone ecdysone and JH coordinated to regulate the development of insects in an 157 opposite way. JH treatment can prolong the duration of larva and enlarge the body size [23]. In the 158 study, the content of JH and the transcriptional levels of response genes Met, JH3, and Kr-h1 were 159 significantly down-regulated after high temperature treatment (Fig 2A and Fig 2C) . The JH3 and 
172
Hollween genes belongs to the insect P450 genes family play an important role in the synthesis 173 of 20E [28] . In this study, the transcription levels of 20E-synthesis genes (cyp302a1, cyp306a1, 174 cyp314a1, cyp315a1) were significantly up-regulated after high temperature induction ( Fig 3A) . 
